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(54) Lamp and manufacturing method thereof 

(57) A lamp made of a tube having a Ight emission 
portion glass (1) and a side tube portion glass (2) that 
extends from the light emission port on glass The lamp 
has a sealed electrode assembly having an electrical 
current supply line (3) with one end portion connected 
to a metal toil (4). A first portion of the side tube portion 
where an electrical current supply line is located is 
heated and this portion is compressed by a f ret pres- 
sure. A second portion of the side tube portion where a 
metal foil is located is heated and this portion is com- 
pressed by a second pressure. The second pressure is 
made larger than the first pressure. 
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Descripti n 

BACKGROUND OF THE INVENTION 

1. RekJ of the Invention 5 

[0001] The present invention relates to a lamp and a 
manufacturing method of that lamp that has a special 
structure of electrode sealing and whose internal pres- 
sure become one atmosphere or more when operated 
to light it. 

2. Description of the Prior Art 

[0002] Conventionally, high intensity discharge lamps 
have been widely used for ordinary illumination in 
homes, facilities and stores. In recent years, these 
lamps are being used as light sources for overhead pro- 
jectors, projection televisions and motion picture projec- 
tors. The reason for this is because high intensity 
discharge lamps emit an extremely bright light 
[0003] In particular, in recent years, research has 
been active on ways to bring lamps closer to a point light 
source by shortening the length of the discharge arc. 
However, reductions in lamp voltage occur following 
efforts to shorten the length of the discharge arc. There- 
fore, when an attempt is made to operate a lamp using 
an identical voltage, increases in lamp current generate. 
These increases in lamp current are linked to large 
increases in electrode loss, actively vaporize electrode 
materials worsening the early stages of electrodes. 
Namely, the increases in lamp current cause the Recy- 
cles of the lanps to shorten. From this type of reason, 
when shortening ihe arc length, it is normal to increase 
the mercury vapor pressure when operating the tamp is 
made to protect against reductions in lamp voltage 
(increases in lamp current). 

[0004] When the mercury vapor pressure and other 
similar parameters are made to increase when operat- 
ing the tamp, the lamp must be constructed such that it 
will not be cracked due to that high operating pressure. 
[0005] Fig. 11 shows the structure of a conventional 
discharge lamp. In the figure, 100 is a light emission 
portion wherein exists a discharge arc and 101 is a side 
tube portion that extends from light emission portion 
100. Light emission portion 100 and side tube portion 
101 are both comprised by quartz glass. 
[0006] A gas that becomes a high pressure when the 
lamp is operated is sealed in light emission portion 100. 
Further, 102 is an electrode that functions to supply 
electrical current into light emission portion 100. The 
electrode material is normally tungsten. In comparison 
to the thermal expansion coefficient of tungsten of 5.2 x 
10' 6 , the thermal expansion coefficient of quartz glass is 
5.5 x 10' 7 that is almost one decimal place different., 
Technology for sealing methods of two types which dif- 
fer greatly in this way is difficult. 
[0007] For a sealing method for this case a foil sealing 



structure is known wherein a metal foil 104 connects 
between electrode 102 and an external electrical cur- 
rent supply line 103 and glass being sealed airtight in 
this metal foil. By carrying out plastic deformation on an 
extremely thin metal foil, the difference in the thermal 
expansion coefficient between the glass and the metal 
is absorbed making it possible to obtain a seal. 
[0008] Conventionally, pinch sealing is a manufactur- 
ing method of this foil sealing structure lamp. In the fol- 
lowing, conventional pinch sealing will be described 
referring to Fig. 12. Glass tube 110 is formed by a sep- 
arate process in which a quartz glass tube is heated 
and allowed to expand forming light emission portion 
100 in a specified shape. A quartz glass tube that is not 
deformed is connected to both end portions of light 
emission portion 100 as side tube portion 101. Glass 
tube 110 is retained by a chuck 113., The end portion of 
electrode 102 is disposed on light emission portion 100 
to maintain a discharge arc. And also, electrode 102. 
metal foil 104 (connected to the other end portion of 
electrode 102) and electrical current supply line 103 are 
disposed on side tube portion 101. 
[0009] Further, in order to prevent electrode oxidation 
during the sealing process, side tube portion 101 main- 
tains in a rare gas environment. The glass of this side 
tube portion 101 is thermally fused by a burner 1 1 1 and 
then pressure formed by a forming de 112 from two 
directions perpendicular to the surface of metal foil 104. 

PROBLEMS TO BE SOLVED 

[0010] The following two problems exist when using 
this type of sealed lamp. 

[001 1 ] Electrode 1 02 and the glass of side tube por- 
tion 101 have different thermal expansion coefficients 
and there is no airtight seal. Thereupon, a gap can be 
opened between electrode 102 and the glass of side 
tube portion 101. 

[001 2] Fig. 1 3 shews the cross sectional shape of the 
side tube portion along line 105 shown in Fig. 11 . In the 
figure, 120 is a side tube portion glass. Further, 121 is a 
gap between electrode 102 and side tube portion glass 
120. The shape of gap 121 has a sharp notch 122 due 
to squeezing from two directions of the glass. There 
was a problem of a concentration of stress acting on 
sharp notch 122 and the lamp being damaged due to a 
pressure lower than the pressure strength actually pos- 
sessed by the glass. 

[001 3] The second problem is a crack 106 shown in 
Fig. 1 1 . This crack 106 occurs in the side tube portion 
glass at the position of electrode 102. The percentage 
of cracks which occur during sealing is larger than 
cracks which occur due to differences in the thermal 
expansion coefficients of the electrode and the glass. 
However, this crack has an action that is said to lessen 
the stress occurring between the electrode and the 
glass when lighting and extinguishing the lamp. 
Because of this, cracks which occur due to differences 
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in the thermal expansion coefficients do not interfere 
with the lamp. 

[001 4] Cracks which occur because of differences in 
the thermal expansion coefficients however, occur due 
to another mechanism. The electrode does not cause 
plastic deformation as with a metal foil. Because of this, 
if the electrode is struck by the side tube portion glass 
with a strong force, the glass will crack due to that 
impact. A concentration of stress will generate at the tip 
of this crack which will further lower the pressure 
strength of the lamp. In other words, there is a problem 
of cracks occurring due to factors other than differences 
in the thermal expansion coefficients of the glass and 
the electrode . 

[0015] Thereupon, a shrink seal method is used to 
solve the above-mentioned two problems. An example 
of a shrink seal method is shown in Fig. 14. Glass tube 
110 is retained by chuck 126. The end portion of elec- 
trode 102 is disposed on light emission portion 100 to 
maintain a discharge arc. And also, electrode 102, 
metal foil 104 (connected to the other end portion of 
electrode 102) and electrical current supply line 103 are 
disposed on side tube portion 101. A reduced pressure 
state is maintained inside glass tibe 110. While this 
glass tube 110 is rotated in the circumferential direction 
of the tube (approximately indicated by arrow 128), side 
tube portion 101 is thermally fused uniformly by burner 
127. Side tube portion 101 glass undergoes diameter 
reduction by means of a pressure difference between 
the inside and outside of glass tube 1 10 and then metal 
foil 104 and side tube portion 101 glass positioned 
where the metal foil is located are sealed airtight. 
[0016] According to this method, because the glass 
undergoes diameter reduction towards the electrode , 
the shape of the gap between the glass and the elec- 
trode becomes almost circular eliminating the notch 
portion that generates a concentration of stress. Fur- 
ther, because the sealing pressure does not exceed the 
atmospheric pressure, the glass does not receive any 
impact when sealed. 

[001 7] However, because the sealing pressure of the 
metal foil portion does not exceed one atmosphere in 
this shrink seal method, there are still remaining prob- 
lems of an insufficient amount of plastic deformation of 
the metal foil and a weak seal between the metal foil 
and the glass tube. 

[001 8] Thereupon, a method has been attempted that 
uses a die to evenly squeeze the glass (for example, a 
polygon shaped die or a circular die) in order that the 
shape of the gap between the electrode and the glass 
does not have a notch portion and that additionally 
removes cracks occurring in the side tube portion glass 
positioned where the electrode is located from the rear. 
[0019] For example. Japanese Patent Laid-open Pub- 
lication (Kbkai) HE! 5-159743 discloses a method which 
attempts to eliminate cracks by reheating and gradually 
cooling the side tube portion after pinch sealing. 
[0020] However, in order to eliminate cracks, the glass 
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temperature must be increased up to the softening 
point. The softening point of quartz glass is 1683°C. Fig. 
1 1 shows the state of crack 106. In particular, a location 
122 (Fig. 13) where a crack occurs is adjacent to light 

5 emission portion 100. Because an electrode is embed- 
ded in side tube portion 101 , light emission portion 100 
is also greatly affected by temperature. Light emission 
portion 100 is formed in an approximate spherical 
shape and the tip of the tight emission portion adjacent 

10 to the side tube portion has a thin skin of glass making 
it especially vulnerable to deformation due to tempera- 
ture increases. Deformation of the light emission tube 
changes the temperature of the coolest point inside the 
light emission tube when the lamp is operated (lowest 

is point in the cfi recti on of the gravitational force of light 
emission portion 1 00 when the axial direction of the side 
tube portion is set in the horizontal direction and used in 
that manner). The vapor pressure of the light emitting 
material inside the lamp is determined by the coolest 

20 temperature point inside the light emission tube when 
the lamp is operated. In other words, deformation of the 
light emission tube causes the vapor pressure of the 
light emitting material inside the lamp to change thereby 
changing the spectral distribution characteristics. 

25 Because of these factors, eliminating cracks after the 
sealing process is passed through is difficult 
[0021] Further, an explanation was provided for the 
above-mentioned discharge lamp although this is not a 
specific problem for a discharge lamp and when her- 

30 metically sealing an electrical current supply line inside 
a glass tube, the same problems occur. In other words, 
the same problems exist in an incandescent lamp of a 
halogen light bub. 

[0022] The object of the present invention is to take 
35 these factors into consideration and provide a lamp with 
the following improvements. Eliminates concentration of 
stress occurring in the gap between the glass and elec- 
trode . Controls to a minimum the occurrence of cracks 
which occur due to factors other than differences in the 
40 thermal expansion coefficients of the glass and the 
electrode . And in addition has a high pressure strength 
structure with improved adhesiveness between the 
metal foil and the glass. 

45 MEANS FOR SOLVING THE PROBLEM 

[0023] In order for the present invention to achieve the 
above-mentioned objects, a method is used to produce 
a discharge lamp wherein an electrode assembly is her- 

so metically sealed that comprises at least an electrical 
current supply line and a metal foil connected to the 
electrical current supply line to produce a lamp in the 
following process. A side tube portion located at the 
position of the metal foil portion is compressed by a 

55 pressure higher than a pressure that compresses the 
side tube portion located at the position of the electrical 
current supply line in a process that hermetically seals 
the metal foil portion in a state in which the electrode 
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assembly (positioned such that one portion ol the elec- 
trical current supply line is inside the light mission por- 
tion) is inserted inside a glass bulb that comprises at 
least a light emission portion and a side tube portion 
extending into the light emission portion. 
[0024] Further, the lamp of the present invention is 
characterized by having a light emission portion com- 
prised by glass, a side tube portion that extends from 
the light emission portion and is comprised by glass as 
well as an electrical current supply line with one portion 
arranged inside the light emission portion, one end por- 
tion connected to a metal foil, and that is hermetically 
sealed in the side tube portion. The lamp is further char- 
acterized by the lateral cross sectional shape in the per- 
pendicular direction of the axis ol the electrical current 
supply line of the gap between the electrical current 
supply line and the side tube portion having a shape 
similar to the cross section of the electrical current sup- 
ply line as well as the side tube portion glass located at 
the position of the metal foil portion being compression 
formed by a die. 

[0025] The lamp of the present mventon is further 
characterized by having an electrical current supply Ime 
with one portion arranged inside the light errresOT por- 
tion together with one end portion connected to a metal 
foil, and that is hermetically sealed m a $4e tube porbon 
extending from the light emission portion And rs even 
further characterized by the lateral cross sectional 
shape in the perpendicular direction of the axis of the 
electrical current supply line of the gap between the 
electrical current supply line and the &de tube portion 
having a smooth shape without notches which cause a 
concentration of stress and the side tube portion posi- 
tioned where the metal foil is located being compression 
formed by a forming die. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 
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Fig. 1 shows a comparison of the structure of a dis- 
charge lamp of a first embodiment of the present 
invention and a conventional discharge lamp; 

Fig. 2A is an enlarged cross section along dashed 4$ 
line 6 of Fig. 3; 

Fig. 2B is an enlarged cross section along dashed 
line 7 of Fig. 3; 

50 

Fig. 3 shows the structure of a discharge lamp of a 
first embodiment of the present invention; 

Fig. 4 shows the structure of an incandescent lamp 
of a second embodiment of th present invention; 55 

Fig. 5A is an enlarged cross section along dashed 
line 210 of Fig. 4; 



Fig, 5B is an enlarged cross section along dashed 
line 211 of Fig. 4; 

Fig. 6 shows a manufacturing method of a dis- 
charge lamp of a second embodiment of the 
present invention; 

Fig. 7 shows a manufacturing method of a dis- 
charge lamp of a second embodiment of the 
present invention; 

Ftg. 8 shows a manufacturing method of a dis- 
charge lamp of a second embodiment of the 
present invention; 

Fig. 9 shows a manufacturing method of a dis- 
charge lamp of a second embodiment of the 
present invention; 

Fig. 10 shows a manufacturing method of a dis- 
charge lamp of a third embodiment of the present 
invention; 

Ftg. 11 shows the structure of a conventional dis- 
charge lamp; 

Ftg. 12 shows a manufacturing method (pinch seal- 
ing) of a conventional discharge lamp; 

Fig. 13 is an enlarged cross section along dashed 
line 105 of Fig. 11; 

Fig. 14 shows a manufacturing method (shrink 
seal) of a conventional discharge lamp; 

EMBODIMENTS OF THE PRESENT INVENTION 

[0027] In the following, embodiments of the present 
invention will be described with reference to the 
attached drawings. 

(First Embodiment) 

[0028] In the following, a first embodiment of a dis- 
charge tamp of the present invention will be described 
with reference to Fig. 1 to Fig. 3. Fig. 3 shows the struc- 
ture of a discharge lamp of a first embocfimerrt of the 
present invention. 

[0029] In Fig. 3, 1 is a light emission portion com- 
prised by glass and 2a and 2b are both side tube por- 
tions comprised by glass which extend from light 
emission portion 1. Further, an electrode assembly is 
hermetically sealed in here that connects metal foil 4 
between electrode 3 and external electrical current sup- 
ply line 5 connected t a power supply (not shown in fig- 
ure). A gas that becomes a high pressure when the 
lamp is operated is sealed in light emission portion 1 in 
like manner to a conventional discharge lamp. 
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[0030] Fig. 2A is an enlarged cross section along 
dashed line 6 of Fig. 3 and Fig. 2B is an enlarged cross 
section along dashed line 7 o\ Fig. 3. 
[0031] The structure of the lamp of the first embodi- 
ment is characterized by the lateral cross sectional 
shape of the gap between electrode 3 and side tube 
portion glass 2 having a shape similar to the lateral 
cross sectional shape of the electrode and the side tube 
portion glass positioned where metal foil 4 is located 
being formed by a die. 

[0032] As shown in Fig. 2B, the side tube portion glass 
2 related to the present invention has a first portion 
wherein electrode 3 is inserted and retained and a sec- 
ond portion wherein metal foil 4 is inserted and retained. 
[0033] The manufacturing method in the first embodi- 
ment initially uses a shrink seal method and then sof- 
tens the first portion utilizing heat to reduce the 
diameter. For this case, the portion inside the glass tube 
is brought to a pressure lower than atmospheric pres- 
sure to reduce the diameter. Continuing, as shown at 
the lower right of Fig. 1, a forming die is positioned at 
any of levels Li , 12 or L3, namely, the die is set at the 
connection portion between electrode 3 and metal foil 4 
to carry out pinch sealing, For a lamp manufactured 
using a conventional pinch sealing method, as shown at 
the lower left of Fig. 1 . the forming cSe is set at the posi- 
tion of level L0 which is the boundary portion between 
light emission portion 1 and side tube portion glass 2. 
[0034] In order to reduce the diameter in the manufac- 
turing process of the present invention, pressure added 
to the second portion of the side tube portion glass is a 
value larger than the pressure added to the first portion. 
Because of this, stress on the side tube portion glass of 
the first portion is applied evenly to prevent cracks from 
easily occurring along with a high pressure being 
applied to the side tube portion glass of the second por- 
tion thereby improving the adhesiveness between the 
metal foil and the side tube portion glass. 
[0035] Further, the boundary between the first portion 
and the second portion can be a portion where elec- 
trode 3 and metal foil 4 overlap or a portion close to that. 
[0036] In order to describe the differences between a 
lamp with a conventional structure and the lamp of the 
first embodiment, the cross sectional views of side tube 
portion 6 and portion 7 are both shown in Fig. 1 . In Fig. 
1, left column, top view is a cross-sectional view taken 
along a line A'- A' shown in left column bottom view, and 
the left column, bottom view ts a cross-sectional view 
taken along a line A"-A" shown in left column top view. 
Similarly, the views in the center column are the cross- 
sectional views taken along lines B'-B' and B"-B" shown 
in counterpart views, and the views in the right column 
are the cross-sectional views taken along ines C'-C 
and C M -C M shown in counterpart views. The views in the 
left column are prior art tamp formed by pinch seal 
method. The views in the center column are prior art 
lamp formed by shrink seal method. The views in the 
right column are present invention lamp formed by the 
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method of the present invention. 

A lamp with a conventional structure undergoes pinch 
sealing and shrink sealing. 

5 

[0037] In a lamp with a pinch sealing structure as 
shown in the left column in Fig. 1, the adhesiveness 
between the metal foil and the side tube portion glass is 
strong. However, there is a notch portion 122 that gen* 

to erates a concentration of stress in the gap between the 
electrode and the side tube portion glass. 
[0038] In a lamp with a shrink sealing structure as 
shown in the center column in Fig. 1 . a concentration of 
stress in the gap between the electrode and the side 

is tube portion glass does not occur. However, the adhe- 
siveness between the metal foil and the side tube por- 
tion glass becomes weak because of insufficient 
pressure. 

[0039] By means of providing a seal structure as in the 
20 tfischarge lamp of the first embodiment as shown in the 
right column in Fig. 1, a concentration of stress in the 
gap between the electrode and the side tube portion 
glass does not occur, and the adhesiveness of the metal 
foil is high. When the second portion of the side tube 
2$ portion glass cracks in the tamp of the present inven- 
tion, cracking similar to the metal foil peeling does not 
occur. The side tube portion glass cracks in a direction 
that is roughly perpendicular or is at angle to the metal 
foil portion. 

30 [0040] In this way, it is preferable for the cross sec- 
tional shape of the gap between the electrode 3 and the 
first portion of side tube portion glass 2 to be a smooth 
shape without notch portions which generate a concen- 
tration of stress. For example, the shape can be circular, 

35 approximately circular, or an elliptical, approximately 
elliptical. 

[0041 ] Moreover, it is preferable for the second portion 
of side tube portion glass 2 positioned where metal foil 
4 is located to reach to the area around the connection 
40 portion between the electrode and the metal foil. This 
allows even mere improvement of the adhesiveness 
between the metal foil and the side tube portion glass. 

(Second Embodiment) 

45 

[0042] In the following, a second embodiment of an 
incandescent lamp of the present invention will be 
described with reference to Fig. 4 and Fig. 5. Fig. 4 
shows the structure of a incandescent lamp of a second 

so embodiment of the present invention. 

[0043] In Fig. 4, 200 is a light emission portion com- 
prised by glass and 201 is a side tube portion com- 
prised by glass which extends from light emission 
portion 200. Further, the electrode assembly is hermet- 

55 ically sealed in side tube portion 201 . Both end portions 
of the electrod assembly are connected to metal foil 
203 and external electrical current supply line 204 (con- 
nected to a power supply) is connected to electrical cur- 
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rent supply line 202 of which one portion (positioned 
where light emission portion 200 is located) is formed in 
a coil shape as well as to the other end portion of the 
metal foil. A gas that becomes a high pressure when the 
lamp is operated is sealed in light emission portion 200. 
[0044] Fig. 5A shows an enlarged cross sectional 
shape along side tube portion gtass 210 positioned 
where electrical current supply line 202 of Fig. 4 is 
located and Rg. 5B shows an enlarged cross sectional 
shape along side tube portion 21 1 . 
[0045] The structure of the lamp of the second 
embodiment is characterized by the lateral cross sec- 
tional shape of the gap between electrical current sup- 
ply line 202 and the side tube portion glass having a 
shape similar to the lateral cross sectional shape of 
electrical current supply line 202 and the side tube por- 
tion glass positioned where metal foil 203 is located 
being formed by a die. 

[0046] The incandescent lamp of the second embodi- 
ment does not have a concentration of stress occurring 
in the gap between the electrode and the side tube por- 
tion glass. The adhesiveness of the metal foil is also 
high. 

(Third Embodiment) 

[0047] Rg. 6 to Rg. 9 describe an embodiment of the 
manufacturing method of the lamp of the present inven- 
tion. 

[0048] In Fig. 6, 10 is a glass tube formed by a sepa- 
rate process wherein a quartz glass tube heats and is 
expanded and is comprised by light emission portion 1 1 
formed in a specified shape and side tube portions 12a 
and 12b of the quartz glass tube which extend from both 
end portions of light emission portion 11. The end por- 
tion of the other side tube portion 12a is sealed. 
[0049] In contrast, electrode assembly 1 3 consists of 
electrode 20, metal foil 21 connected to electrode 20, 
and electrical current supply line 22 connected to the 
end portion of the metal foil portion on the side opposite 
to where the metal foil portion is connected to electrode 
20. A spring 23 is mounted to the end portion of metal 
current supply line 22 on the side not connected to the 
metal foil. Electrode assembly 13 attached to spring 23 
inserts from the opening of side tube portion 12b and 
the end portion of the metal foil of the electrode not con- 
nected is arranged towards the light emission portion. 
By pressing the inner surface of the side tube portion 
glass on the spring connected to electrode assembly 
13, electrode assembly 13 is secured at a specified 
position. 

[0050] In this state, at first, after carrying out a vacuum 
discharge from the opening of side tube portion 12b, 
200 mbar of argon gas is injected from the opening of 
side tube portion 12b. Then, the periphery of th end 
portion of side tube portion 12b not yet sealed is heated 
by burner 30 and sealed as shown in Fig. 7. 
[0051] Continuing, as shown in Fig. 8, the end portion 
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of side tube portion 12a of glass tube 10 is held by 
chuck 40 in a state in which argon gas is at 200 mbar 
and electrode assembly 13 is inserted. Next glass tube 
10 rotates in the direction of the circumference of the 
5 valve (indicated by arrow 42). Then, the glass tube is 
heated and softened by means of burner 41 (heating 
element) reaching to one portion of a metal lead-in wire 
22 positioned where side tube portion 12b is located 
from the boundary of light emission portion 1 1 and side 
io tube portion 12b. 

[0052] At this time, because the inside of glass tube 
10 is in a reduced pressure state, the inside diameter of 
side tube portion 1 2b is reduced at the softened position 
by means of a pressure difference between the sur- 
fs rounding atmospheric pressure of glass tube 1 0. In par- 
ticular, after the diameter of the inner surface of the 
glass of side tube portion 12b positioned where elec- 
trode 20 is located is reduced up to the area around the 
electrode , the heating of burner 41 and the rotation 42 
so of glass tube 10 cease. 

[0053] Now, as shown in Rg. 9, the side tube portion 
12b glass positioned where metal foil 21 is located is 
squeezed by die 43 from two directions perpendicular to 
the plane of metal foil 21 (indicated by arrow 44). At this 
25 time, it is preferable for the squeezing action of die 43 to 
cease almost simultaneous when the heating of burner 
41 ceases. This is to improve the adhesiveness 
between the glass and the metal foil by means of 
squeezing the glass in a sufficiently softened state. In 
30 this manner the electrode sealing of side tube portion 
12b is complete. 

(Fourth Embodiment) 

35 [0054] Next, an embodiment of a process that hermet- 
ically seals electrode assembly 12 inside side tube por- 
tion 12b in the manufacturing method of the high 
intensity discharge lamp of the present invention will be 
described. Fig. 10 describes a manufacturing method 

40 for sealing utilizing high frequency dielectric heating. 
[0055] In Rg. 10, 50 Is a magnetron for carrying out 
high frequency cfielectric heating, 51 is an antenna for 
emitting microwaves, 52 is a container sealed airtight by 
acrylic or similar material, and 53 is a waveguide for 

45 microwaves. One end of waveguide 53 is arranged 
inside sealed container 52. The internal portion of 
waveguide 53 located inside sealed container 52 is also 
hermetically sealed by a cover 64 that uses material 
such as teflon that allows microwaves to pass through 

so on the inside of waveguide 53 located at the boundary 
between the atmosphere and sealed container 52. 
Waveguide 53 located within the atmosphere functions 
as 53a and waveguide 53 located inside sealed con- 
tainer 52 functions as 53b. 

55 [0056] Furthermore, in Fig. 10. 54 is an open cylindri- 
cal hole that functions to arrange glass tube 10 inside 
waveguide 53 located within sealed container 52. A 
heat absorbing element (heating element) 55 compris- 
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ing silicon or similar material is located on one portion of 
the circumference of hole 54 (used to arrange the lamp) 
for the purpose of heating the glass of side tube portion 
1 2b and sealing electrode assembly 1 3. Heat absorbing 
element 55 has either a ring shape or a cylindrical 
shape. Further, heat absorbing element 55 is heated by 
microwaves and a high temperature occurs within the 
element. Moreover, 56 in Fig. 10 is an adiabatic material 
such as alumina to improve the efficiency of heat 
absorbing element 55. The adiabatic material 56 encir- 
cles the circumference of heat absorbing element 55. 
10057] Even further, 57 in Rg. 10 is a chuck that holds 
glass tube 10. A motor (not shown in the figure) is con- 
nected to chuck 57 and glass tube 1 0 mounted to chuck 
57 rotates in the direction of the circumference of glass 
tube 10 as shown by arrow 60. Further, because chuck 
57 is disposed such that it can move up and down by a 
drive means (not shown in the figure), glass tube 10 
mounted to chuck 57 can move up and down its axial 
direction as irxficated by arrow 61 . 
[0058] Even further, 62 in Fig. 1 0 is a compressor that 
functions to increase the pressure inside sealed con- 
tainer 52 to atmospheric pressure or more and 63 is a 
regulating valve that uniformly maintains the pressure 
inside sealed container 52. This regulating valve 63 can 
freely set the pressure inside the sealed container to 
atmospheric pressure or increase the pressure. 
[0059] In the following, the process of the above 
errtoodiment will be described. At first the glass of the 
first portion of side tube portion 12b positioned where 
electrode 20 is located heats and then the inside diam- 
eter of the glass of side tube portion 12b positioned 
where electrode 20 is located undergoes diameter 
reduction reaching to the area around electrode 20. 
This is described in detail below. 
[0060] Atmospheric pressure is maintained inside 
sealed container 52. In this state chuck 57 is mounted to 
glass tube 10. In other words, one end of side tube por- 
tion 12b is held by chuck 57 in order that the axis of heat 
absorbing element 55 matches the axis of side titoe por- 
tion 12b, Next, the position of glass tube 10 is adjusted 
in order that heat absorbing element 55 is opposite to 
the first portion of side tube portion 12b. Continuing, 
glass tube 10 is made to rotate. 
[0061] Next microwaves generated from magnetron 
50 heat-up heat absorbing element 55. Then, heat 
absorbing element 55 heats the first portion of side tube 
portion 12b positioned where rotating electrode 20 is 
located up to the softening point or more which in turn 
reduces the inside diameter of the first portion reaching 
to the area around electrode 20. For this case, because 
the inside of sealed container 52 is maintained at 
atmospheric pressure while the interior of the glass tube 
becomes lower than atmospheric pressure, the glass 
tube equally reduces the diameter around electrode 20 
as shown at the right edge of Fig. 1 halfway down. 
[0062] Then the heated side tube portion 1 2b cools to 
room temperature. The cooling of glass tube 10 can be 



done inside sealing device 52 or outside sealed con- 
tainer 52. 

[0063] Continuing, by means of moving chuck 57 (that 
is retaining glass tube 10) in the downward direction, 
5 heat absorbing element 55 is brought opposite to the 
second portion. Then, along with glass tube 10 being 
rotated, the glass of the second portion of side tube por- 
tion 12b positioned where metal foil 21 is located heats. 
Further, compressor 62 increases the pressure (from 1 
to to 10 atmospheres) inside sealed container 52 to 
atmospheric pressure or more. In this manner the sec- 
ond portion is hermetically sealed. 
[0064] This completes the electrode sealing of side 
tube portion 12b. The electrode sealing of side tube por- 
ts tion 12a is carried out in like manner. 

[0065] Moreover, although the discharge lamp was 
described as examples in the second and third embodi- 
ments, the present invention can be applied to other 
types of lamps, such as incandescent lamps which 
20 employ electrode assembly with an airtight sealing 
method inside glass. 

[0066] According to the present invention as 
described above, because there is no concentration of 
stress between the side tube portion glass positioned at 
25 the electrode portion and the electrode as well as the 
metal foil having a high adhesiveness, a lamp can be 
achieved with an excellent high pressure resistant struc- 
ture that is difficult to crack. 

30 Claims 

1. A manufacturing method of a lamp having a tube 
corrprising a light emission portion glass and a side 
tube portion glass that extends from said light emis- 
35 si on portion glass, said lamp having a sealed elec- 
trode assembly comprising an electrical current 
supply line with one end portion connected to a 
metal foil, said manufacturing method of a lamp 
comprising: 

40 

inserting said electrode assembly into a side 
tube portion glass such that the axis of said 
side tube portion glass and the axis of said 
electrode assembly approximately match, 

45 

locating one end portion of the electrical cur- 
rent supply line not connected to said metal foil 
inside said light emission portion, 

so heating a first portion of said side tube portion 

glass where said electrical current supply line 
is located, 

applying a first pressure to said heated first 
55 portion of said side tube portion glass to com- 

press the first portion, 

heating a second portion of said side tube por- 



7 



<EP__09829SSA2J_> 



13 



EP0962 955A2 



14 



tion glass where said metal foil is located, and 

applying a second pressure to said heated sec- 
ond portion of said side tube portion glass to 
compress the second portion, said second 
pressure being made larger than the first pres- 
sure 



which is rotated in the direction of the circumfer- 
ence of said side tube in order to substantially and 
uniformly heat a side tube portion glass positioned 
where an electrode assembly is located 

11. A manufacturing method of a lamp according to 
claim 10, wherein said heating element is a burner. 



2. A manufacturing method of a lamp according to 
claim 1 . wherein said lamp is a discharge lamp. 

3. A manufacturing method of a lamp according to 
claim 1, wherein said lamp is an incandescent 
lamp. 

4. A manufacturing method of a lamp according to 
claim 1 . wherein the first pressure that compresses 
said first portion being one atmosphere or less. 

5. A manufacturing method of a lamp according to 
claim 1 . wherein the inside of said tube being main- 
tained at atmospheric pressure or less, a first por- 
tion being substantially and uniformly heated, and 
said first portion undergoing diameter reduction by 
means of a pressure difference between the inside 
and outside of said tube, and said second portion 
being uniformly heated and squeezed by a die. 

6. A manufacturing method of a lamp according to 
claim 1, wherein the inside of a tube being main- 
tained at atmospheric pressure or less, a first por- 
tion being substantially and uniformly heated, and 
said first portion undergoing diameter reduction by 
means of a pressure difference between the inside 
and outside of said tube, the periphery of said sec- 
ond portion being maintained at atmospheric pres- 
sure or more, a second portion being substantially 
and uniformly heated, and said second portion 
undergoing diameter reduction by means of a pres- 
sure difference between the inside and outside of 
said tube. 



12. A manufacturing method of a lamp according to 
w claim 10, wherein said heating element is a high 

frequency dielectric heating element 

13. A lamp comprising: 

is a fight emission portion made of glass, 

a side tube portion made of glass and extend- 
ing from said light emission portion; and 

20 an electrical current supply line with one end 

portion disposed within said light emission por- 
tion, the other end portion connected to a metal 
foil and that is sealed airtight in said side tube 
portion, 

25 

a lateral cross sectional shape of the gap 
between an electrical current supply line and a 
side tube portion glass located at a first portion 
where said electrical current supply line is posi- 

30 tioned within said side tube portion glass being 

a shape similar to the lateral cross sectional 
shape of said electrical current supply line, and 
a second portion positioned where said metal 
foil is located within said side tube portion glass 

35 being compressed by a die 

14. A lamp according to claim 13 wherein said lamp is 
a discharge lamp. 

40 15. A lamp according to claim 13 wherein said lamp is 
an incandescent lamp. 
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7. A manufacturing method of a lamp according to 
claim 1 , wherein said tube is filled with an inert gas 
in order to prevent oxidation of said electrode 
assembly. 

8. A manufacturing method of a lamp according to 
claim 7, wherein said inert gas is argon gas. 

9. A manufacturing method of a lamp according to 
claim 1, wherein said side tube portion is heated 
while rotating circumferentially in order to substan- 
tially and uniformly heat the side tube portion glass 
positioned where an electrode assembly is located. 

10. A manufacturing method of a lamp according to 
claim 1, wherein a heating element is provided 



45 



50 



55 



16. A lamp comprising: 

an electrical current supply tine with one end 
portion disposed within a light emission por- 
tion, the other end portion connected to a metal 
foa that is sealed airtight in a side tube portion 
extending from said light emission portion, 

a lateral cross sectional shape of the gap 
between said electrical current supply line and 
said side tube portion being a smooth curve 
that does not have a notch portion that causes 
a concentration of stress and. 

said side tube portion where said metal foil is 
located being compressed by a forming die. 
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(54) Lamp and manufacturing method thereof 

(57) A lamp made of a tube having a light emission 
portion glass (1) and a side tube portion glass (2) that 
extends from the light emission portion glass. The lamp 
has a sealed electrode assembly having an electrical 
current supply line (3) with one end portion connected 
to a metal foil (4). A first portion of the side tube portion 
where an electrical current supply line is located is heat- 
ed and this portion is compressed by a first pressure. A 
second portion of the side tube portion where a metal 
foil Is located is heated and this portion is compressed 
by a second pressure. The second pressure is made 
larger than the first pressure. 
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